INTRODUCTION
Bioelectro-physical properties of human skin tissue, like most other soft tissues, exhibit electrical behavior [1] , [2] . To obtain complete information about the electrical behavior of human skin, it is also necessary to have experimental data over a wide range of time scales.
If electricity is applied from an external source outside the living organism, we can measure bioimpedance. To analyze the skin impedance effectively, it is very desirable to introduce the skin impedance model. Also, the complex modulus concept is a powerful and widely used tool for characterizing the electrical behavior of materials in the frequency domain. In this case, according to the proposed concept, bioimpendance moduli can be regarded as complex quantities [3] . In the BIS technique impedance, measurements are done at each frequency, and then plotted forming a circular arc [3] . Using electrical modeling mathematics, the points on a circular arc can be transformed into an equivalent electrical model where the values correspond to specific compositional elements.
On the other hand, the theory of fractional calculus is a well-adapted tool to the modelling of many physical phenomena, allowing the description to take into account some peculiarities that classical integer-order model simply neglect. The importance of fractional order mathematical models is that they can be used to produce a more accurate description, and so give a deeper insight into the physical processes underlying long range memory behaviors. From mathematical point of view, the fractional integro-differential operators (fractional calculus) [3] , [4] , [5] , [6] , are a generalization of integration and derivation to non-integer order (fractional) operators.
Particularly, a memory function equation, scaling relationships and structural-fractal behavior of biomaterials and mathematical model based on fractional calculus, were used for the physical interpretation of the Cole-Cole (Cole) exponents [1] , [3] , [7] . As it is a well-known, three expressions for the impedance allow one to describe a wide range of experimental data: Cole-Cole function, Cole-Davidson function and Havriliak-Negami function [1] , [2] , [8] , [9] .
According to literature data, the skin is usually observed as a relative simple structure, and equivalent electrical model of skin doesn't include tissue lamination. Such relaxation processes occur because the epidermis is a mosaic in which layers of laminated, inhomogeneous cell structure pile up on top of one another. Frequency-dependent components such as CPE (constant phase element), that exists in the singledispersion Cole model, can be considered as composed of an infinite number of lumped components. Based on this fact, some authors [10] have replaced the ideal capacitor in the Debey model by the CPE in modeling the layers of the stratum corneum. Cole impedance model was used to analyze human and rabbit irritated skin [9] . Not only the Cole distribution, but also any log normal distribution of relaxation times will produce curves which are indistinguishable from depressed circular arcs [14] . Measured data may represent contributions from electrode polarization, stratum corneum, sweat ducts and deeper tissue, and furthermore several dispersions of some of these components. Only one-dispersion Cole impedance equation is shown for the electrode polarization although two dispersions have been found in some studies [15] . The stratum corneum is dominated by one broad dispersion [16] and the sweat ducts may exhibit dispersion due to countering relaxation [17] . In [18] different Cole impedance behavior of materials models are described: layer models (series layer model, parallel layer model, brick layer model, …) and effective medium models. In relation to our experimental in vivo conditions, structure and complexity of the considered system -human skin, we decided to have its electrical behavior described by the series layer Cole model. In this paper, we propose the skin structure as a more complex system, consisting of several layers. We obtain the mathematical model of skin structure applying fractional calculus, which describes a series of structures via new generalizing the Cole impedance equation. According to this model and experimental data of the skin bioimpedance measurements, one may predict more complex equivalent electrical circuit. In approximation, the new interval single-dispersion Cole model, better describes electrical behavior of human skin in the sense as a one-dispersion Cole model. In addition, it best describes the electrical properties of human skin to high-frequency source of alternating current.
CONTINUOUS FRACTIONAL DERIVATIVE MODEL OF HUMAN SKIN

Some Basic Results Related to Cole and ColeCole equation
In paper [19] , it was showed that the capacitive component of the polarization admittance-dielectric information is the proper electrical component to monitor the material as an insulator or semiconductor. The electrical impedance method was used as a quantitative technique for evaluating changes in the skin. Dielectric information, in general, may be presented in a number of equivalent ways and it is important to use the most appropriate form of presentation to suit particular requirements. The following principal dielectric functions may be defined: (a) the complex permittivity ε*(ω) and susceptibility χ*(ω), for frequency
where ε 0 is the permittivity of free space, and ε ∞ is a suitable high-frequency permittivity contributing to the real and imaginary components of the polarization. So, Debye, Cole-Cole, Cole-Davidson and Havriliak-Negami functions are presented as follows:
The experimental data show that α and ν are strictly dependent on temperature, structure, composition and other controlled physical parameters [19] . The α and ν were discussed as the parameters of the distribution of the relaxation times or mentioned as broadening parameters without further discussion. For 1 α = in the Cole-Cole function one can obtain the Debye function (2) . The Cole-Cole equation described by means of permittivity [20] is
where s  is the static permittivity of material. The above equation for human skin is discussed in [21] for interval of frequencies below 100 Hz. One of them, the Cole impedance model (for the specific electrical resistance) was introduced in its final form [22] , by introducing CPE. In [3] , CPE is shown in the equivalent fractional circuit diagrams ( Fig. 1 ).
Figure 1. Equivalent circuit single-dispersion fractional Cole model
The papers [2] , [7] present the circuit which was used to model the skin, and after some adaptation it will be applied for this study. A complex impedance of the system is (Cole equation for single-dispersion model)
where 0 R denotes a low-frequency resistor and R  is a high-frequency resistor,
This constant represents relaxation time constant. Fig. 2 shows the equivalent circuit for the impedance of general dispersion model (called "non-Cole" model) presented in [2] and [10] .
G var means the added conductor causes the locus to be circular arc with a characteristic time constant In presented model 
is equivalent to (4) and
valid from
The second relation in (8) corresponds to expression (5). Both models are equivalent and they are given by (4) and (6) . Dielectric and conductive properties of the material, described respectively by single-dispersion Cole-Cole and Cole model are in some sense mutually dual. The first model is described in literature [2] , [3] by using a electrical circuit 2C-1R, while the other is described by 2R-1C. Single-dispersion Cole-Cole model, and serial based on this models, however, is much more studied. In this paper it will be used singledispersion Cole model, where (4) is the basis for considering more complex models.
Distributed-order Cole model
The idea of fractional calculus has been known since the development of the regular calculus, with the first reference probably being associated with Leibniz and L'Hospital in 1695. Only in the last few decades scientists and engineers have realized that such fractional differential equations provided a natural framework for the discussion of various kinds of questions modelled by fractional differential equations and fractional integrals, i.e. they provide more accurate models of systems under considerations. Fractional derivatives provide an excellent instrument for the description of hereditary properties of various materials and processes [3] , [4] , [5] . At first, one can generalize the differential and integral operators into one fundamental 0 D t t  operator which is known as fractional calculus [4] :
 and α>0 [6] , behalf, in left Riemann-Liouville integral of f(t) of fractional order α which is:
where (.)
 is the well known Euler's gamma function.
For the initial moments 0 t = - usually refers to integral as a left Weyl fractional integral of order
. Also, left Riemann-Liouville and Caputo derivative of ( ) f t of order α , can be presented as follows,
t f t t t t f t t t
In the case 0 t = - , expression (12) represents a left Weyl fractional derivative (in turn, Riemann-LiouvilleWeyl and Caputo-Weyl derivative). Beside linearity and derivative of the constant is zero, a left Caputo-Weyl fractional derivative has following characteristics [5] , which are used in this paper
In addition [6] ,
Also, the initial conditions problems of fractional differential equations which were compared to the given fractional derivatives, were considered in paper [23] . In line with recent work, if the input or output system known as in our case, it is possible to calculate physically acceptable initialization function.
The Caputo derivative was used as the initial moment 0 0 t  , but was not usable for distant initial moments t 0 =-∞, as Caputo-Weyl's, which was used to describe harmonic processes in this work. In terms of single frequency electrical circuits in BIS, the Cole equation determines behavior of the biological tissue [9] , [24] especially for some points of the human skin [25] . The parameters of impedance were obtained from an electrical impedance system based on current response to a voltage step excitation. If we connected the complex alternating -oscillating voltage to the same electric circuit in the shape of 
Then (6) 
Cole operator
It's action is described by the equation
In this paper it is suggested the generalization of the previous Cole model based on (6) in skin case. The basic suppositions for which this generalization is done are that there are neither inductive resistances, nor active or nonlinear elements, serially or parallely connected. In that case, the skin is, in the electric sense, taken as serially continually many connected noninteractive, linear, reduced Cole elements p(α)·(R 0 -R ∞ ) ||C α (j·ω) α and one R ∞ (Fig. 3 
Mathematically speaking, (19) corresponds to the application of continually many derivatives in general sense, which have distributed-order model, [26] . If we define the normalized Cole operator
Acting on the function and i(t), so that the result of the function V(t)
Then (19) corresponds to the operator
acting in a manner analogous described by (16) . On other hand, assuming
and represent discrete series of reduced Cole elements and R  .
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Discrete approximation of a distributed-order
Cole model
One of the main difficulties when using the distributed model is the large number and functionality of the distribution of material constants depending on the fractional index in relation to the number of experimental data. Some of the major solutions to this problem are given in advance of their functional dependence of the fractional indices and/or approximation of the integral of the operator based on fractional derivatives its integral sum. In this paper proposes a new approach based on approximation of linear combinations of delta by disjunct intervals (25) The value of the integral (19) outside these intervals is equal to zero. Within these intervals assumes that existing of a common value, due to their connection, of   
Altogether ( 
is multiple dispersion approximation (modification) of distributed-order of the Cole equation, and beside condition
The meaning of parameters i  and k i is that if the intervals are short length, the better the approximation of discrete Cole element in relation to the type of distributed model. Eq. (28) The model described by (28) is determined by the system of series complex elements and resistance R  . Each of these elements is a complex combination compared to a parallel connection between the 
This operator is not linear, and its effect on the respective function is reduced to the application of (28) . Analogously, it can describe the dielectric properties of materials.
MATERIALS AND METHODS
The proposed experimental method uses a two-electrode technique with a constant amplitude sinusoidal voltage. The skin of the upper arm impedance mesaurement was carried out in twenty healthy young men under laboratory conditions. The electrodes were made of stainless steel, diameter 2.0cm and the distance betwen the electrodes was 5.0cm. The electrode paste used was a cream (EC 33 skin conductance). The measuring system Solartron 1255 Frequency Response Analyser in combination with Solartron 1286 Pstat/Gstat was used for measuring the components of impedance and characterictcs frequency of the skin in the frequency range of 0.1 Hz to 100.0 kHz. Measurements were taken at 61 different frequencies betwen 0.1 Hz and 100.0 kHz and the applied voltage amplitude was 1.0 V. Total required time for the frequency sweep measurement twenty times, was about 10 minutes.
The fitting method used in this paper, in the Octave programming environment are well known LevenbergMarquardt nonlinear least squares algorithms L2 (L 2 -norm) -further marked with LM [27] , [28] , (Fig.6) . The largest number of parameters in this calculation can be used without complications was ten. This restriction encourages the implementation of LAPACK libraries in C/C++. So, to the single-dispersion Cole (n=1 in (26)) model was adequate, the expected boundary value of new parameter σ should be very small compared to α for single-dispersion interval Cole model (n=1 in (28) 
RESULTS AND DISCUSSION
One of the main issues bioimpedance current at frequencies below 500 kHz is that the Cole model adequate to describe the electrical characteristics of the system, [29] . However, in the literature there are models that describe the bioelectrical properties of the skin with two or more of Cole elements in the serial connection. In [7] , for human skin dielectric, one fractional index is 0.82 (single-dispersion Cole-Cole model for small frequencies). Single-dispersion Cole impedance model was used to analyze human and rabbit irritated skin [6] . In [16] , two orderly connected impedance CPEs with indices of about 0.71 and relaxation times of 0.001s were observed. In [15] , obtained, for normal skin and acupuncture points, approximately the same CPE index, for non-Cole model, the value of which was 0.80. However, the general conclusion on the number of electrical elements of Cole, if they are seen in serial connection, not yet final. Size parameter σ reflects the fact that the value of fractional index is not concentrated in one point. Also, given the initial values of parameters of singledispersion Cole model as a starting, it was determined that there are not another interval or subinterval within a given interval. 
The quality of fitting for the modified singledispersion Cole model based on Fig. 7 , is the best for high frequencies. For medium and lower frequencies best fitted two Cole dispersion model. At low frequencies the modified single-dispersion dispersion Cole better fitted by a single-dispersion Cole model. On the other hand, under other conditions, in [2] , [15] , [16] , [22] values for the parameters α i are in the specified interval, although the (33) is approximate. Therefore, the parameters k and σ probably could be understood as a material constants. This inter alia means that, they can be and diagnostic parameters. In addition, to these approximations δ-functions can have other, perhaps more appropriate and more complex.
On the other hand, if we consider the anharmonic functions, operators are defined based on the fractional derivatives, as described (16), (21), (24) and (31) generally have complex features and difficult to apply.
CONCLUSION
In this paper, we proposed the skin structure as a more complex system, consisting of several layers. We obtained the mathematical model of skin structure which describes series of structures of skin via new generalizing the Cole impedance equation applying fractional calculus modified distributed-order CaputoWeyl fractional derivatives. In the case analyzed here, it is introduced continuous (distributed-order) Cole model as well as its approximation modified single-dispersion Cole model. The above approximation, in addition to defining the area where they should be fractional indices, in the range of high frequencies, may better describe the electrical properties of the system. The main conclusion of this paper is that the electrical properties of skin can be modelled better using a more discrete Cole impedance element rather than one discrete Cole impedance element. Moreover, these considerations could be applied to other frequency bioimpedance scales, in theories viscoelasticity, dielectrics, superparamagnetics and bioengineering.
APPENDIX
In the case that 0 R   (perfect insulator) assuming that (17) 
